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1 EPO 

Description 

The present invention is generally directed to a 
process for the fabrication of thin filnr> field effect 
transistors employed in nnatrix addressed liquid 
crystal displays. More particularly, the present in- 
vention is directed to the utilization of specific 
materials in the field effect transistor (FET) fabrica- 
tion process and structure. Even more particularly, 
the present invention is directed to the solution of 
material process compatibility problems and to the 
problem of pixel element discharge during off cy- 
cles. 

A liquid crystal display device typically com- 
prises a pair of flat panels sealed at their outer 
edges and containing a quantity of liquid crystal 
material. These liquid crystal materials typically fall 
into two categories: dichroic dyes and a guest/host 
system or twisted nematic materials. The flat pan- 
els generally possess transparent electrode ma- 
terial disposed on their inner surfaces in predeter- 
mined patterns. One panel is often covered com- 
pletely by a single transparent "ground plane** 
electrode. The opposite panel is configured with an 
array of transparent electrodes, referred to herein 
as "pixer (picture element) electrodes. Thus, a 
typical cell in a liquid crystal display Includes liquid 
crystal material disposed between a pixel electrode 
and a ground electrode forming. In effect, a capaci- 
tor like structure disposed between transparent 
front and back panels. In general, however, trans- 
parency is required for only one of the two panels 
and the electrodes disposed thereon. 

In operation, the orientation of liquid crystal 
material is affected by voltages applied across the 
electrodes on either side of the liquid crystal ma- 
terial. Typically, voltage applied to the pixel elec- 
trode effects a change in the optical properties of 
the liquid crystal material. This optical change 
causes the display of information on the liquid 
crystal display (LCD) screen. In conventional digital 
watch displays and in newer LCD display screens 
used in some miniature television receivers, the 
visual effect is typically produced by variations in 
reflected light. However, the utilization of transpar- 
ent front and back panels and transparent elec- 
trodes also permits the visual effects to be pro- 
duced by transmlssive effects. These transmlssive 
effects may be facilitated by separately powered 
light sources for the display, including fluorescent 
light type devices. LCD display screens may also 
be employed to produce color images through the 
incorporation of color filter mosaics in registration 
with the pixel electrode array. Some of the struc- 
tures may employ polarizing filters to either en- 
hance or provide the desired visual effect. 
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Various electrical mechanisms are employed to 
sequentially turn on and off individual pixel ele- 
ments in an LCD display. For example, metal oxide 
varistor devices have been employed for this pur- 

5 pose. However, the utilization of thin film semicon- 
ductor switch elements is most relevant herein. In 
particular, the switch elernent of the present Inven- 
tion comprises a thin film field effect transistor 
employing a layer of amorphous silicon. These 

70 devices are preferred in LCD devices because of 
their potentially small size, low power consumption, 
switching speeds, ease of fabrication, and compati- 
bility with conventional LCD structures. However, 
fabrication processes for certain desired semicon- 

15 ductor switch element structures have been found 
to be incompatible with the employment of certain 
materials used in the transparent LCD electrodes. It 
is seen that while certain physical FET structures 
or LCD devices are desirable, it is often extremely 

20 difficult to devise processes that satisfactorily pro- 
duce the desired structure. In particular, in any 
process of the kind contemplated herein, the num- 
ber of masking steps is desired to be low since, in 
general, the greater the pro cess complexity the 

25 lower is the reliability of the resulting device and 
the process yield. 

One of the significant materials problems that 
can arise in the fabrication of thin film FETs for 
LCD screens is the problem of providing good 

30 electrical contact between source and drain line 
metal and the amorphous silicon layer of the FET. 
In general, molybdenum Is a desirable metal to 
employ for source and drain electrode pads, but 
molybdenum may not exhibit good electrical con- 

35 tact with intrinsic amorphous silicon. A thin layer of 
aluminum disposed between the molybdenum and 
the amorphous silicon may be provided as dis- 
cussed in concurrently filed European Application 
EP-A-0 211 402. However, care must be taken to 

40 avoid etchant compatibility problems with indium 
tin oxide employed for the pixel electrodes. More- 
over, aluminum has a tendency to diffuse into the 
silicon material, thus potentially degrading device 
performance, particularly if high process tempera- 

45 tures are employed in subsequent process steps. 

Another significant problem encountered In 
LCD devices Is the tendency for capacitive dis- 
charge to occur during off cycles. In this situation, 
the capacitor formed by the pixel electrode, the 

so ground plane electrode and the liquid crystal ma- 
terial as a dielectric, tends to discharge through the 
FET if the FET device characteristics are inappro- 
priate. In particular, it is desirable to limit FET 
current under conditions of reverse gate voltage. If 

55 the source drain current is high under these con- 
ditions capacitive leakage tends to occur and this 
can affect display quality. It is also desirable that 



2 



3 



EP0 211 401 B1 



4 



the current voltage characteristics do not exhibit 
large hysteresis loops, since this can result in 
voltage uncertainty on the pixel electrode. 

Further, there are a number of papers which 
discuss amorphous silicon FETs with amor- s 
phous silicon for matrix addressed liquid crystal 
display applications. These papers include the fol- 
lowing: "Proceedings of the 1982 International Dis- 
play Research Conference" by A. Lakatos, pages 
146-151, IEEE (1982); "Society for Information Dis- io 
play (SID) Digest" by Kouji Souzuki. pages 146, 
147 (1983); "Applied Physics", Volume 24, page 
357, by Snell et al. (1981); "Elec. Letter", Volume 
18, No. 20, by Stroomer el al. (September 1982); 
"Proceedings of the Third International Display Re- 75 
search Conference". Paper No. 5.3, by M. Sugata 
et al., SID and ITE (October 1983). However, none 
of these papers describe use of the specific materi- 
als and process described herein. 

In accordance with a preferred embodiment of 20 
the present invention, a process for the fabrication 
of thin film field effect transistors comprises a 
multi-step process employing titanium as a gate 
electrode material, indium tin oxide as a pixel elec- 
trode material, and N*^ amorphous silicon as a 25 
means for bonding source and drain electrode 
pads to an amorphous silicon surface. The layer 
employed also serves to significantly enhance FET 
device characteristics. In the process of the present 
invention, a gate metallization pattern layer is dis- 30 
posed on an insulating substrate. The gate layer 
comprises titanium. An indium tin oxide pixel elec- 
trode pattern is then disposed on the substrate 
followed by a layer of silicon nitride, a layer of 
amorphous silicon and a layer of N+ amorphous 35 
silicon. The silicon layers are patterned to form an 
island structure which eventually comprises the ac- 
tive portions of the FET. It is important to note 
herein that the silicon islands may be formed with 
only one masking step. Source and drain metal- 4o 
lization is then applied over the substrate and this 
layer is patterned to provide source and drain 
contacts in electrical connection with the silicon 
and at the same time, the patterning of the source 
and drain electrodes re^:ults In the formation of 45 
source (data) and drain lines. Either the source or 
drain lines are connected so as to be in electrical 
contact with the individual pixel electrodes, the 
other of t hese two FET electrodes being con- 
nected to the data lines. The gate electrodes are 50 
connected to the gate drive lines. 

Accordingly, it Is an object of the present in- 
vention to provide a process for the fabrication of 
thin film field effect transistors which exhibit the 
electrical characteristics of low back current and 55 
small hysteresis. 



It is a further object of the present invention to 
provide a process for thin film field effect transistor 
fabrication in conjunction with the fabrication of 
liquid crystal display devices. 

It is yet another object of the present invention 
to provide an active matrix LCD display exhibiting 
Improved source drain metallization contact to un- 
derlying amorphous silicon materiaL 

It Is a still further object of the present inven- 
tion to provide materials and processes exhibiting 
chemical compatibility, particularly with respect to 
the use of molybdenum for source and drain metal- 
lization. 

Lastly, but not limited hereto, it is an object of 
the present invention to provide a process for the 
fabrication of thin film field effect transistors and 
associated LCD display devices exhibiting in- 
creased manufacturing yield and more reliable 
components and displays. 

The present invention provides a process for 
the fabrication of thin film field effect transistors in 
active matrix liquid crystal display devices, said 
process comprising the steps of: 

disposing a gate metallization layer pattern on 
a portion of a first major surface of an insulative 
substrate, said gate metal comprising titanium, said 
pattern including gate electrodes; 

disposing a pixel electrode pattern on a dif- 
ferent portion of said first major surface than the 
gate metallization, said pixel electrode material 
comprising Indium tin oxide; 

disposing a layer of protective Insulative ma- 
terial over said first major substrate surface includ- 
ing said gate metal pattern and said pixel electrode 
pattern: 

disposing a layer of Intrinsic amorphous silicon 
over said protective Insulative material; 

disposing a layer of N* amorphous silicon over 
said intrinsic amorphous silicon; 

patterning said protective insulative material, 
said intrinsic amorphous silicon and said N* amor- 
phous silicon layers so as to form islands, whereby 
each island formed includes said gate electrode, a 
protective insulative material, intrinsic amorphous 
silicon, and N amorphous silicon layers, the 
formed islands and the pixel electrodes and where 
the etchant employed to remove the protective 
insulative material and the amorphous silicon layers 
does not effect the indium tin oxide layer; 

disposing a source and drain metallization lay- 
er over the first major surface of said substrate and 
also over said islands and said pixel electrodes; 

patterning said source and drain metallization 
layer and said N* silicon layer so that the source 
metallization contacts the pixel electrodes and so 
as to form field effect transistor devices. 
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Figure 1 Is a schematic electrical circuit diagram 
illustrating the context in which the thin film 
FETs of the present invention are employed; 
Figure 2 is a cross sectional side elevation view 
of a portion of an LCD pixel cell including the 
FET structure of present invention; 
Figure 3A is a plan view of an FET and a portion 
of a pixel electrode, in accordance with the 
present invention; 

Figure 3B is a cross sectional side elevation 
view which more particularly illustrates align- 
ment of the FET structure with portions shown in 
the plan view of Figure 3A; and 
Figures 4A-4I are cross sectional side elevation 
views illustrating sequential steps in the fabrica- 
tion of the FET structure and LCD structure of 
the present invention. 

Figure 5 is a plot of source-drain current as a 
function of gate voltage of conventional thin film 
FETs (curve A) and for thin film FETs employing 
amorphous silicon in accordance with the 
present invention (curve B). 
Figure 1 illustrates, in schematic diagram form, 
a matrix addressed liquid crystal display circuit. In 
particular there Is shown an N by M array of pixel 
electrodes 1 6 together with associated FET switch- 
ing elements 50. The gate electrodes of the switch- 
ing elements in row i are connected to gate drive 
line G j. Likewise, the source electrode in each 
column j is connected to data or source line S j. In 
the figure shown, j ranges from 1 to M and i ranges 
from 1 to N. It should be realized, however, that 
many FET structures are symmetric with respect to 
source and drain properties and that in many situ- 
ations the source and drain connections can be 
reversed. However, Figure 1 particularly shows 
each pixel electrode 16 being connected to the 
drain of its associated switching FET. In operation, 
the pixel element in the i*^ row and j*'' column is 
switched on by simultaneously applying appropri- 
ate signals to gate line Gj and data line Sj j. This 
applies a voltage to pixel electrodes 16 which acts 
to alter the optical properties of liquid crystal ma- 
terials disposed between pixel electrode 16 and the 
ground plane or counter electrode (not visible in 
Figure 1, see reference numeral 76 in Figure 2). 
Pixel electrodes 16 comprise a transparent conduc- 
tive material such as indium tin oxide. 

Figure 2 illustrates a portion of a liquid crystal 
display device in accordance with the present in- 
vention. More particularly, Figure 2 illustrates both 
the upper and lower panel for an LCD display. Also 
illustrated is the physical relationship between the 
FET structure and a pixel electrode. In Figure 2 
there is shown upper LCD panel 70 which typically 
comprises a material such as glass. Also disposed 
on the lower surface of panel 70 is a thin coating of 
a material such as indium tin oxide 76 which acts 



as a transparent counter electrode or ground plane 
electrode. Electrical potential differences appearing 
between ground plane electrode 76 and pixel elec- 
trode 16 produce optical variations in liquid crystal 

5 material 60 disposed between these electrodes. It 
is the optical effects produced by this potential 
difference which causes information to be dis- 
played on the LCD device. FET 50 and pixel elec- 
trode 16 are disposed on an Insulative coating 12 

10 on lower LCD display panel 10. Coating 12 typi- 
cally comprises a material such as silicon dioxide. 
Panel 10 typically comprises a materia! such as 
glass. In general, panel 70, panel electrode 76, 
pixel electrode 16. coating 12 and panel 10 may all 

15 comprise transparent material. This is particularly 
useful in LCD displays in which back lighting Is 
employed to form the desired Image. However, it Is 
only necessary for either upper panel 70 or lower 
substrate 10, together with its associated electrode 

20 coating, to t^e transparent. 

As Indicated above, pixel electrodes 16 are 
disposed on one of the LCD display panels. It is 
also necessary to connect each pixel electrode 16 
with its associated semiconductor switching ele- 

25 ment. In the present application, semiconductor 
switching element 50 comprises an amorphous- 
silicon-based field effect transistor which includes 
gate electrode 14 preferably comprising titanium. 
Over gate electrode 14, there is disposed an in- 

30 sulating layer 18, typically comprising a material 
such as silicon nitride. Over insulating layer 18, 
there is disposed an active layer of amorphous 
silicon 20. In general. It is desirable to dispose 
source and drain electrodes in direct contact with 

35 active silicon material. However, desirable materials 
such as molybdenum employed in the source and 
drain metallization layer may not form good elec- 
trical contact with intrinsic amorphous silicon. Ac- 
cordingly, it is therefore desirable to employ a 

40 layer of N+ amorphous silicon as an intermediate 
layer to facilitate and enhance the electrical con- 
nection to the amorphous silicon. In the present 
invention, this involves the fabrication of amor- 
phous silicon layers 22a and 22b for electrodes 

45 24a and 24b. respectively. At the same time, drain 
electrode 24b and source electrode 24a are fab- 
ricated and disposed so as to provide electrical 
contact to pixel electrode 16, as shown. Finally, a 
layer of passivation material 26, such as silicon 

50 nitride is disposed over the lower LCD display 
substrate. 

It should also be noted from Figure 2 that gate 
electrode 14. together with the associated gate 
drive lines are in contact with layer 12 as is indium 
56 tin oxide layer 16. If these layers are to be depos- 
ited at approximately the same step in the fabrica- 
tion process, the materials chosen for these layers 
must exhibit some degree of compatibility. This is 
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particularly true with respect to etchants employed 
in patterning these layers. Accordingly, the struc- 
ture and process of the present invention employs 
titanium as a gate electrode material and indium tin 
oxide as a transparent pixel electrode material. 
Note, however, that these compatibility problems 
do not apply to the ground plane electrode dis- 
posed on upper substrate 70. 

Figure 3A is a plan view detailing the physical 
structure of a switching element 50 and its asso- 
ciated pixel electrode 16 in the vicinity of the 
intersection of gate drive line Q and data drive line 
Sj. For completeness, corresponding structures are 
illustrated in cross-section in Figure 3B. In particu- 
lar. Figure 3A illustrates the presence of an in- 
sulative island principally comprising insulative lay- 
er 18, intrinsic amorphous silicon layer 20 and 
amorphous silicon layer 22. This island provides 
insulation between data line S| and gate line Gj. It 
is also seen that data line Sj may also serve 
directly as the source electrode (or the drain elec- 
trode in a reverse situation) for a thin film FET. It is 
also seen that gate electrode 14 is preferably pro- 
vided as an extension of gate drive line Gi. The 
gate drive lines and the gate electrodes are most 
preferably fabricated in the same process step and 
comprise the same material and in this particular 
invention, titanium is employed to ensure compati- 
bility with indium tin oxide pixel electrode 16. 

Since the gate electrode is fabricated in an 
early process step and is disposed on the under- 
lying insulative substrate and since the gate insula- 
tion layer also insulates the gate and source elec- 
trodes, the FET structures shown in Figures 2 and 
3B are described as being inverted FETs. This 
term, however, applies only to their physical rather 
than to their electrical properties. 

Although it may appear that the structure 
shown in Figures 1, 2 and 3 is readily construc- 
table, it must also be appreciated that there are 
significant material and material etchant compatibil- 
ity problems involved in fabricating the structure 
shown. The process of the present invention em- 
ploys materials and steps which overcome these 
compatibility problems and at the same time re- 
sults in a fabrication process employing a minimal 
number of masking operations. The use of a large 
number of masking operations is. in general, to be 
avoided because of the problems of device reliabil- 
ity and yield. Accordingly. Figures 4A through 4J 
illustrate various steps in the fabrication of devices 
like the ones shown in Figures 1 through 3. In 
particular, the fabrication process illustrated in 
these figures is directed to the production of thin 
film amorphous silicon based FET switching ele- 
ments which are compatible with the utilization of 
molybdenum as a source-drain metal. 



In the process in accordance with the present 
invention, an insulative substrate such as glass is 
cleaned in order to bring the surface up to process- 
ing quality. Insulative coating 12 such as a layer of 

5 silicon oxide is then provided on one side of sub- 
strate 10 to provide a stable surface for further 
processing. However, recent studies show this lay- 
er is optional. Insulative coating 12 typically com- 
prises a layer of silicon oxide sputter deposited to 

70 a thickness of approximately (1.200 Angstroms) 
0.12 um. 

Titanium is then deposited, patterned and plas- 
ma etched to form the gates of the FETs and the 
gate drive lines. The deposition of the gate drive 

75 lines on insulative coating 12 is generally per- 
formed in accordance with conventional masking 
and patterning techniques. For example, a layer of 
titanium may be deposited by electron beam evap- 
oration to a thickness of approximately 0.08 um 

20 (800 Angstroms). This layer is coated with a resist 
and exposed to the desired masking pattern. The 
substrate is then plasma etched and followed by 
wet etching to form the gate patterns. In a pre- 
ferred embodiment of the present invention, oxy- 

25 gen ashing of the resist is carried out at this step 
and performs a dual function, namely, cleaning off 
the resist as well as exposing the gate metal to an 
oxygen environment which toughens it prior to 
plasma etching during island definition. 

30 Figure 4B illustrates the next step in the pro- 

cess of the present invention. In this step, indium 
tin oxide pixel electrode material 12 is sputter 
deposited and wet etched. The process step illus- 
trated in Figure 48, therefore, represents the sec- 

35 ond masking step employed in the present inven- 
tion. The formation of the pixel electrodes is per- 
formed after the formation of the gate metallization 
pattern to avoid exposure to the etchants used to 
pattern the gate material. The material of pixel 

40 electrode 16 is preferably deposited by sputter 
deposition of indium tin oxide to a thickness of 
approximately (900 Angstroms) 0.09 um. 

Figure 4C illustrates the next step in the pro- 
cess of the present invention which Is deposition of 

45 insulating layer 18. This layer preferably comprises 
silicon nitride which is preferably formed by plasma 
enhanced chemical vapor deposition (PECVD) to a 
thickness of approximately 0.15 um (1,500 Ang- 
stroms). Next, an amorphous silicon layer is like- 

50 wise deposited to a thickness of approximately 
0.02 um (2.000 Angstroms). It should be noted the 
formation of the silicon nitride, amorphous silicon 
and N"^ silicon layers is preferably performed in a 
single operation, that is. they are deposited se- 

55 quentially merely by changing the gases employed 
in the vacuum vessel without breaking its seal. For 
a general description of the PECVD process see 
"Plasma-promoted Deposition of Thin Inorganic 
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Films" by M. Rand in J. Vac. Sci. Tech., Vol. 16, 
page 420 (1979). Although it is significantly less 
desirable, it is also possible to form the amorphous 
silicon layer by sputtering and subsequent hydro- 
genation. The resulting structure is shown In Figure 
4D. Next, a layer of N"^ amorphous silicon is depos- 
ited on the subtrate. The resultant structure is 
shown in Figure 4E, The N* silicon layer is des- 
ignated by reference numeral 22. The silicon 
nitride, amorphous silicon and N"*^ silicon layers are 
deposited by plasma enhanced chemical vapor de- 
position. For the amorphous silicon layer the depo- 
sition is carried out in an atmosphere of argon with 
10% silane. SiHi. For the silicon nitride deposition 
an atmosphere of argon, ammonia and silane is 
employed. For the amorphous silicon an at- 
mosphere of argon, silane and 0.1% phosphlne (by 
volume), PH3 is employed. The silicon layer is 
deposited to a thickness of approximately (500 
Angstroms) 0.05 urn. 

Figure 4F illustrates the next step in the pro- 
cess in which the amorphous intrinsic silicon, 
silicon and nitride layers are patterned to form 
islands. This operation represents the third mask- 
ing step. The etchant employed to remove the 
silicon nitride and amorphous silicon layers does 
not attack the indium tin oxide layer. 

Figure 4G Illustrates the next step in the pro- 
cess of the present invention in which a layer of 
molybdenum is deposited on the substrate. For 
example, a 0.3 um (3,000 Angstrom) thick layer 24 
of molybdenum may be so deposited. As shown in 
Figure 4H, this layer is then patterned using a wet 
etch with a mixture of phosphoric acetic and nitric 
acids (PAWN) with no attack of the indium tin oxide 
material. This is the fourth and last masking opera- 
tion. The N+ material in the channel is removed by 
plasma etching using the molybdenum as a mask. 
This step, which requires no additional mask, is 
called back channel etching. Some of layer 20 is 
also removed in this process step. The molyb- 
denum source-drain deposition forms a sillcide ar- 
ound the edge of the island which results In gate 
and source drain leakage. However, this is elimi- 
nated by plasma etching of the exposed silicon 
surface (back channel etching) and the device is 
then deposited with a low temperature nitride for 
protection and passivation of the exposed silicon 
surface. See Figure 41. 

In an alternate embodiment of the present in- 
vention, a 0.05 um (500 Angstrom) thick layer of 
molybdenum is deposited over the layer of N^ 
silicon shown in Figure 4E. This layer is then mesa 
island etched. The use of this layer serves to 
achieve reliable electrical contact between the N*^ 
silicon layer and subsequent source and drain 
metallization connections. This alternate embodi- 
ment also has the advantage that the time interval 



between the deposition of the N+ silicon layer and 
the thin molybdenum layer is not important as long 
as additional processing steps are not carried out 
in the inte rim. The silicon island is then patterned 

5 and the total silicon and silicon nitride "sandwich" 
is plasma etched. Following this, the wafer is pro- 
vided with molybdenum source and drain metal- 
lization, which is patterned and etched. The thin 
molybdenum pattern layer is preferably slightly 

w smaller than the silicon and silicon nitride island. 

The inclusion of the N* amorphous silicon layer 
in the present invention provides significant perfor- 
mance advantages for the FET, particularly in com- 
parison with FETs employing an aluminum layer 

75 over intrinsic amorphous silicon. The electrical 
characteristics of the latter type of FET device are 
shown as curve A in Figure 5 which is a plot of 
source-drain current in amperes as a function of 
gate voltage (forward and reverse). Curve B is a 

20 similar plot for an FET employing a layer of N^ 
amorphous silicon in accordance with the present 
invention. Several features of these curves are par- 
ticularly noteworthy. In particular, it is seen that the 
current In the reverse direction is approximately 

25 two orders of magnitude lower for the devices 
produced in accordance with the present Invention. 
This means that the tendency for capacitlve leak- 
age to occur is much less prevalent in devices and 
displays fabricated in accordance with the present 

30 invention. It is also noted that there is a much 
larger hysteresis effect for aluminum/intrinsic amor- 
phous silicon FETs as compared with FETs of the 
present invention. Additional data collected but not 
shown in Figure 5 indicated that low current con- 

35 ditions for reverse gate bias also extends beyond 
the -8 volt range all the way to the -12 volt range 
for curve B. Lastly, it is also noted that the forward 
current is much more responsive to gate voltage 
levels in curve B. as compared with curve. A. ' 

40 From the above. It should be appreciated that 

the thin film FET and liquid crystal display device 
and process of the present Invention solves the 
problem of electrode contact to amorphous silicon 
while at the same time maintaining material com- 

45 position compatibility for simplified LCD device fab- 
rication. In particular, it is seen that the essential 
parts of LCD device may be fabricated in a pro- 
cess employing only four masking steps. It is also 
seen that the process steps are carried out in a 

50 particular order with specified materials to ensure 
that chemical process compatibility. It is also seen 
that the process of the present Invention are such 
as to be compatible with a large variety of liquid 
crystal display systems and with a large variety of 

55 liquid crystal materials. It should also be appre- 
ciated that the present invention is one which Is 
readily fabricatable using relatively conventional 
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VLSI processing methods so as to enable the reli- 
able and high yield fabrication of responsive high 
resolution liquid crystal display devices. 

Claims 5 

1. A process for the fabrication of thin film field 
effect transistors (50) in active matrix liquid 
crystal display devices, said process compris- 
ing the steps of: 70 

disposing a gate metallization layer pattern 
on a portion of a first major surface of an 
Insulative substrate, said gate metal compris- 
ing titanium, said pattern Including gate elec- 
trodes (14): 75 

disposing a pixel electrode pattern (16) on 
a different portion of said first major surface of 
• said substrate, said pixel electrode material 
comprising indium tin oxide; 

disposing a layer of protective insulative 20 
material (18) over said first major substrate 
surface including said gate metal pattern and 
said pixel electrode pattern; 

disposing a layer of intrinsic amorphous 
silicon (20) over said protective insulative ma- 25 
terial; 

disposing a layer of N* amorphous silicon 
(22) over said intrinsic amorphous silicon; 

patterning said protective Insulative ma- 
terial, said intrinsic amorphous silicon and said 30 
N amorphous silicon layers so as to form 
islands, whereby each island formed includes 
said gate electrode, a protective insulative ma- 
terial. Intrinsic amorphous silicon, and N* 
amorphous silicon layers and where the etch- 35 
ant employed to remove the protective insula- 
tive material and the amorphous silicon layers 
does not attack the indium tin oxide layer; 

disposing a source and drain metallization 
layer (24) over the first major surface of said 4Q 
substrate and also over said islands and said 
pixel electrodes; 

patterning said source and drain metal- 
lization layer (24) and said N* silicon layer (22) 
so as to form freld effect transistor devices with 45 
said drain metallization contacting said pixel 
electrodes. 

2. The fabrication process of claim 1 in which 

said gate metallization layer pattern is dis- 50 
posed by vapor deposition and plasma etch- 
ing. 

3. The fabrication process of claim 1 in which 

said pixel electrode pattern is disposed by 55 
sputter deposition and wet etching. 



4. The fabrication process of claim 1 in which 
said protective insulative material (18) com- 
prises silicon nitride which is disposed by plas- 
ma enhanced chemical vapor deposition. 

5. The fabrication process of claim 1 in which 
said amorphous silicon (20) is disposed by 
plasma enhanced chemical vapor deposition. 

6. The fabrication process of claim 1 in which 
said N* amorphous silicon layer (22) Is dis- 
posed by plasma enhanced chemical vapor 
deposition. 

7. The fabrication process of claim 1 in which 
said source and drain metallization layer (24) is 
disposed by sputtering. 

8. The fabrication process of claim 1 In which 
said source and drain metallization layer (24) 
patterning includes etching in a solution of 
phosphoric acid, acetic acid and weak nitric 
acid. 

9. The fabrication process of claim 1 further in- 
cluding disposing a passivation layer (26) over 
said substrate. 

10. The fabrication process of claim 9 in which 
said passivation layer (26) comprises silicon 
nitride which is formed by plasma deposition. 

11. The fabrication process of claim 1 in which 
said gate metallization layer is patterned with a 
resist which is removed by plasma etching in 
an oxygen atmosphere. 

12. The fabrication process of claim 1 in which 
said source and drain metallization (24) com- 
prises molybdenum, 

13. The fabrication process of claim 1 in which 
said gate metallization comprises titanium. 

14. A process for the fabrication of thin film field 
effect transistors (50) in active matrix liquid 
crystal display devices, said process compris- 
ing the steps of: 

disposing a gate metallization layer pattern 
on a portion of a first major surface of an 
insulative substrate, said gate metal compris- 
ing titanium, said pattern including gate elec- 
trodes (14); 

disposing a pixel electrode pattern (16) on 
a different portion of said major surface of said 
substrate, said pixel electrode material com- 
prising indium tin oxide; 

disposing a layer of protective insulative 
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material (18) over said first major substrate 
surface including said gate metal pattern (14) 
and said pixel electrode pattern (16); 

disposing a layer of intrinsic anr)orphous 
silicon (20) over said protective insulative ma- 
terial: 

disposing a layer of N* amorphous silicon 
(22) over said intrinsic amorphous silicon; 

disposing a layer of molybdenum over 
said N silicon layer; 

patterning said molybdenum layer so as to 
form islands; 

patterning said protective insulative ma- 
terial, said intrinsic amorphous silicon and said 
N amorphous silicon layers so as to form 
islands which are substantially the same size 
or slightly larger than said molybdenum island 
patterns, whereby each island formed includes 
said gate electrode, a protective insulative ma- 
terial layer, an instrinsic amorphous silicon lay- 
er, N* amorphous silicon layer and a molyb- 
denum layer, respectively and where the etch- 
ant employed to remove the protective Insula- 
tive material and the amorphous silicon layers 
does not attack the indium tin oxide layer; 

disposing a source and drain metallization 
layer over the first major surface of said sub- 
strate and also over said islands and said pixel 
electrodes; arid 

patterning said source and drain metal- 
lization layer and said N silicon layer so as to 
form field effect transistor devices with said 
drain metallization contacting said pixel elec- 
trodes. 

15. The process of claim 14 in which said source 
and drain metallization also comprises molyb- 
denum. 

16. The process of claim 1 or 14 in which said 
protective insulative material comprises silicon 
nitride. 

Revendications 

1. Un precede pour la fabrication de transistors a 
effet de champ a couches minces (50) dans 
des dispositffs de visualisation a cristaux liqui- 
des a matrice active, ce precede comprenant 
les etapes suivantes : 

on forme un motif de couche de metallisa- 
tion de grille sur une partie d'une premiere 
surface principale d'un substrat Isolant la me- 
tallisation de grille conslstant en titarie, et ce 
motif comprenant des electrodes de grille (14); 

on forme un motif d'electrodes de pixel 
(16) sur une partie differente de la premiere 
surface principale du substrat. le materiau des 



electrodes de pixel consistant en oxyde 
d'indlum-etain; 

on forme une couche d*un materiau isolant 
et protecteur (18) sur la premiere surface prin- 

5 cipale du substrat , y compris sur le motif de 

metallisation de grille et sur le motif d'electro- 
des de pixel; 

on forme une couche de silicium amorphe 
Intrinseque (20) sur le materiau isolant et pro- 

70 tecteur; 

on forme une couche de silicium amorphe 
N (22) sur le silicium amorphe intrinseque; 

on forme un motif dans les couches de 
materiau isolant et protecteur, de silicium 

75 afTiorphe intrinseque et de silicium amorphe 

N*, de fagon a former des tlots grace a quoi 
chaque Hot forme comprend les couches 
d'electrodes de grille, de materiau isolant et 
protecteur, de silicium amorphe intrinseque et 

20 de silicium amorphe N , et Tagent de gravure 

qui est employe pour enlever les couches de 
materiau Isolant et protecteur et de silicium 
amorphe n'attaquant pas la couche d'oxyde 
d"indlum-4tain; 

25 on forme une couche de metallisation de 

source et de drain (24) sur la premiere surface 
principale du substrat et ^galement sur les 
tlots et les electrodes de pixel; 

on deflnit un motif dans la couche de 

30 metallisation de source et de drain (24) et dans 

la couche de silicium N* (22), de fagon a 
former des transistors a effet de champ avec 
la metallisation de drain en contact avec les 
electrodes de pixel. 

35 

2. Le precede de fabrication de la revendication 
1, dans lequel le motif de couche de metallisa- 
tion de grille est forme par d^pot en phase 
vapeur et gravure par plasma. 

40 

3w Le precede de fabrication de la revendication 
1, dans lequel le motif d'electrodes de pixel 
est form4 par d^pdt par pulverisation cathodi- 
que et gravure par vole humide. 

45 

4. Le precede de fabrication de la revendication 
1. dans lequel le materiau isolant et protecteur 
(18) consiste en nitrure de silicium qui est 
forme par depot chlmique en phase vapeur 

50 renforce par plasma. 

5. Le procede de fabrication de la revendication 
1, dans lequel le silicium amorphe (20) est 
forme par depot chimlque en phase vapeur 

56 renforce par plasma. 
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6. Le procede de fabrication de la revendication 
1, dans lequel la couche de silicium amorphe 
N (22) est formee par depot chimique en 
phase vapeur renforce par plasma. 

7. Le precede de fabrication de la revendication 
1, dans lequel la couche de metallisation de 
source et de drain (24) est formee par pulveri- 
sation cathodique. 

8. Le procede de fabrication de la revendication 
1. dans lequel I'operation de definition du motif 
de la couche de metallisation de source et de 
drain (24) comprend la gravure dans une solu- 
tion d'acide phosphorique d'aclde acetique et 
d'acide nitrique faible. 

9. Le procede de fabrication de la revendication 
1 , comprenant en outre le depot d'une couche 
de passivation (26) sur le substrat. 

10. Le procede de fabrication de la revendication 
9, dans lequel la couche de passivation (26) 
consiste en nitrure de silicium qui est form^ 
par depot par plasma. 

11. Le procede de fabrication de la revendication 
1, dans lequel on definit un motif dans la 
couche de metallisation de grille en utilisant 
une matiere de reserve qui est enlevee par 
attaque par plasma dans une atmosphere 
d*oxygene. 

12. Le procede de fabrication de la revendication 
1, dans lequel la metallisation de source et de 
drain (24) consiste en molybdene. 

13. Le procede de fabrication de la revendication 
1, dans lequel la metallisation de grille consiste 
en titane. 

14. Un procede pour la fabrication de transistors a 
effet de champ a couches minces (50) dans 
des dispositifs de visualisation a cristaux liqui- 
des a matrice active, ce proced4 comprenant 
les etapes suivantes : 

on forme un motif de couche de metallisa- 
tion de grille sur une partie d'une premiere 
surface principale d'un substrat isolant, la me- 
tallisation de grille consistant en titane. et ce 
motif comprenant des electrodes de grille (14); 

on forme un motif d'electrodes de pixel 
(16) sur une partie differente de la surface 
principale du substrat, le materiau des electro- 
des de pixel consistant en oxyde d'indium- 
etaln; 

on forme une couche d*un materiau isolant 
et protection (18) sur la premiere surface prin- 
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cipale du substrat, y compris sur le motif de 
metallisation de grille (14) et sur le motif 
d'electrodes de pixel (16); 

on forme une couche de silicium intrinse- 
5 que (20) sur le materiau isolant et protecteur; 

on forme une couche de silicium amorphe 
N (22) sur le silicium amorphe intrinseque; 

on forme une couche de molybdene sur la 
couche de silicium N*; 
10 on definit un motif dans la couche de 

molybdene de fagon a former des Hots; 

on definit un motif dans les couches de 
materiau isolant et protecteur, de silicium 
amorphe intrinseque et de silicium amorphe 
15 N , de fagon a former des Hots qui ont prati- 

quement la meme taille. ou sont legerement 
plus grands, que les motifs d'Tlots de molybde- 
ne, grace a quo! chaque Hot forme comprend 
successlvement i'electrode de grille, une cou- 
20 che de materiau isolant et protecteur, une cou- 

che de silicium amorphe intrinseque, une cou- 
che de silicium amorphe N* et une couche de 
molybdene; et Tagent de gravure qui est em- 
ploye pour enlever les couches de materiau 
25 isolant et protecteur et de silicium amorphe 

n'attaquant pas la couche d'oxyde dMndium- 
etain; 

on forme une couche de metallisation de 
source et de drain sur la premiere surface 

30 principale du substrat et egalement sur les 

Hots et les electrodes de pixel; et 

on definit un motif dans la couche de 
metallisation de source et de drain et dans la 
couche de silicium N , de fagon a former des 

35 transistors a effet de champ avec la metallisa- 
tion de drain en tontact avec les electrodes de 
pixel. 

15. Le procede de la revendication 14, dans lequel 
40 la metallisation de source et de drain consiste 
egalement en molybd§ne. 

16- Le precede de la revendication 1 ou 14. dans 
lequel le materiau isolant et protecteur consiste 
45 en nitrure de silicium. 

Patentanspruche 

1. Verfahren zum Herstellen von Dunnfllm-Feldef- 
50 fekttransistoren (50) in eine aktive Matrix auf- 

weisende Flussigkristallanzeigevorrichtungen, 
wobei dieses Verfahren die Stufen umfaCt: 

Anordnen eines Gate-Metallisierungs- 
schichtmusters auf einem Abschnitt einer er- 
55 sten Hauptoberflache eines isolierfahigen Sub- 

strates, wobei das Gate-Metall Titan und das 
Muster Gate-Eletroden (14) aufweist. 

Anordnen eines Pixel-Elektrodenmusters 
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(16) auf einem anderen Abschnitt der ersten 
Hauptoberflache des Substrates, wobel das 
Pixel- Elektrodenmaterial Indiumzinnoxid auf- 
welst, 

Anordnen einer Schlcht aus einem isolier- s 
fahigen Schutzmaterlal (18) uber der genann- 
ten ersten Hauptoberflache des Substrates nr^lt 
dem Gate-Meta!lmuster und dem PIxel-Elektro- 
denmuster, 

Anordnen einer Schicht aus eigenleiten- w 
denf) amorphen Siliziunr) (20) uber dem isolier- 
fahigen Schutzmaterial, 

Anordnen einer Schicht aus amorphem N 
^-SHizium (22) uber dem eigenleitenden 
amorphen Silizium. 15 

Mustern des isolierfahigen Schutzmateri- 
als, des eigenleitenden amorphen Siliziums 
und der amorphen N -Siliziumschichten zum 
Bilden von Inseln. wobei jede gebildete Insel 
die genannten Gate-Elektrode, ein isolierfahl- 20 
ges Schutzmaterial, eigenleitendes amorphes 
Silizlum und amorphe N* -Siliziumschichten 
enthalt und wo das Atzmittel. das zum Entfer- 
nen des isoiierenden Schutzmaterials und der 
amorphen Siliziumschicht benutzt wird. die In- 25 
diumzinnoxidschicht nicht angreift, 

Anordnen einer Source- und Drain- Metalli- 
sierungsschicht (24) Ober der ersten Haupt- 
oberflache des Substrates und auch uber den 
genannten Inseln und den Pixel-Elektroden, 30 

Mustern der Source- und Drain-Metallisie- 
rungsschicht (24) und der ersten Schicht (22) 
aus N*-Si!izium, um Feldeffekttransistor-Vor- 
richtungen zu bilden, wobei die Drain-Metalli- 
sierung die Pixel-Elektroden kontaktlert. 55 

Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB das Gate-Metallisierungsschicht- 
muster durch Dampfabscheidung und Plasma- 
Atzen angeordnet wird. 40 

Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet. da/J das Pixel-Elektrodenmuster 
durch Spruhabschetden und Na0atzen ange- 
ordnet wird. 45 

Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB das isolierfahige Schutzmaterial 
(18) Sifiziumnitrid aufweist, das durch Plasma- 
verstarkte chemische Dampfabscheidung an- 50 
geordnet wird. 

Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet. dad das amorphe Silizlum (20) durch 
Plasma-verstarkte chemische Dampfabschei- 55 
dung angeordnet wird. 



6. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, dafl die Schicht (22) aus amorphem 
N -Silizium durch Plasma-verstarkte chemi- 
sche Dampfabscheidung angeordnet wird. 

7. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet. dafl die Source- und Drain-Metallisie- 
rungsschlcht (24) durch SprGhen angeordnet 
wird. 

8.. Verfahren nach Anspruch 1 ; dadurch gekenn- 
zeichnet, 6aB das Mustern der Source- und 
Drain-Metallisierungsschicht (24) das Atzen in 
einer Losung aus Phosporsaure, Essigsaure 
und schwacher Salpetersaure einschliefit. 

9. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, dafi eine Passivierungsschicht (28) 
uber dem Substrat angeordnet wird. 

10. Verfahren nach Anspruch 9, dadurch gekenn- 
zeichnet, da/J die Passivierungsschicht (26) Si- 
liziumnitrid aufweist, das durch Plasma-Ab- 
scheidung ausgebildet wird. 

11. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, da0 das Muster in der Gate-Metalli- 
sierungsschicht mit einem Abdecklack ausge- 
bildet wird, der durch Plasma-Atzen in einer 
Sauerstoffatmosphare beseitigt wird. 

12. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, dafi die Source- und Drain-Metallisle- 
rung (24) Molybdan aufweist. 

13. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, dafi die Gate-Metallisierung Titan auf- 
weist. 

14. Verfahren zum Herstellen von DunnfilmFeldef- 
fektransistoren (50) in eine aktive Matrix auf- 
weisenden FIGssigkristallanzeigevorrichtungen, 
wobei das Verfahren die Stufen umfaBt: 

Anordnen eines Gate-Metallisierungs- 
schichtmusters auf einem Abschnitt einer er- 
sten Hauptoberflache eines isolierfahigen Sub- 
strates» wobei das Gate-Metal Titan und das 
Muster Gate-Elektroden aufweist, 

Anordnen eines Pixel-Elektrodenmusters 
(16) auf einem anderen Abschnitt der genann- 
ten Hauptoberflache des Substrates wobei das 
Pixel- Elektrodenmaterial Indiumzinnoxid auf- 
weist. 

Anordnen einer Schicht (18) aus einem 
isolierfahigen Schutzmatenal uber der ersten 
Hauptoberflache des Substrates mit dem Gate- 
Metallmuster (14) und dem Pixel-EIektroden- 
muster (16), 
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Anordnen einer Schicht (20) aus eigenlel- 
tendem amorphen Silizium uber dem isolierfS- 
higen Schutzmateriaf, 

Anordnen einer Schicht (22) aus amorp- 
hem N*-Sili2iunr^ (jber dem eigenleitenden s 
amorphen Silizium, 

Anordnen einer Schicht aus Molydan uber 
der N*-SHi2iumschicht, 

Ausbilden eines Musters in der IWolydan- 
schicht zur Ausbildung von Insein, w 

Ausbilden eines Musters In den Schichten 
aus isolierfahigem Schutzmaterial. dem eigen- 
leitenden amorphen Silizium und dem amorp- 
hen N -Silizium, um Insein auszubilden, die im 
wesentlichen die gleiche Gro/3e haben Oder die 75 
etwas grower sind als die Molydan-lnselmu- 
ster, wobei jede gebildete Insel die genannte 
Gate-Elektrode. eine Schicht aus isolierfahi- 
gem Schutzmaterial, eine Schicht aus eigenlei- 
tendem amorphen Silizium, eine Schicht aus 20 
amorphem N -Silizium und eine Schicht aus 
Molydan aufweist und wobei das zur Entfer- 
nung des isoiierfahigen Schutzmalerlals und 
der amorphen Siliziumschichten angewendete 
Atzmittel die Indiumzinnoxidschicht nicht an- 25 
greift, 

Anordnen einer Source- und Drain-Melalli- 
sierungsschicht uber der ersten HauptoberflS- 
che des Substrates und auch uber den Insein 
und den Pixel-Elektroden und 30 

Ausbilden von Mustern in der Source- und 
Drain-Metallisierungsschicht und der Schicht 
aus N -Silizium zum bilden von 
Feldeffekttranslstor-Vorrichtungen, wobei die 
Drain-Metallisierung die Pixel-Elektroden kon- 35 
taktiert. 

15. Vertahren nach Anspruch 14, dadurch gekenn- 
zeichnet, dafi die Source- und Drain-Metallisie- 
rung ebenfalls Molydan aufweist. 40 

16. Verfahren nach Anspruch 1 oder 14, dadurch 
gekennzeichnet, dafi das IsolierfShlge Schutz- 
material Siliziumnitrid aufweist. 

45 
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